Abstract
Introduction

20
X-ray CCD (charge-coupled device) camera has achieved primary roles in 21 X-ray astronomy thanks to its well-balanced performances: a moderate energy the readout electronics tend to be very large and power-dissipated.
27
Recently some payloads in astronomical satellites adopt application-specific 28 integrated circuit (ASIC) to achieve extremely lower power consumption and dinger et al. [7] reported that their CCD camera system for a future astro- it next to the CCD. We employed ∆Σ modulators [8] as the AD converter
38
(ADC) since this type of ADC can achieve a high resolution at a moderately 39 short conversion time and functions not only as an ADC but also a band-pass 40 filter.
41
The main objective of our ASIC is the ASTRO-H satellite [9] , Japanese 42 2 X-ray astronomical satellite that will be launched in 2014. The X-ray CCD 43 camera (SXI: Soft X-ray Imager) [10] takes a role of the primary X-ray imager. izes our CCD camera system. 
Radiation Tolerance
118
The first space application of MND02 will be the ASTRO-H satellite that will 119 be put into a low-earth orbit (LEO) with a height of 550 km and an inclination the irradiation, while other five chips were biased, clocked but not processed.
142
All of the test was performed in the room temperature (∼20 • C), which is the 143 expected nominal thermal environment for MND02.
144
The current in MND02 increased by 10% during the test with a total dose of 145 200 krad. Figure 4 shows the gain variability as a function of the dose absorbed.
146
One of the modulator, even0 exhibits the earliest and most remarkable gain Hence it will not cause the practical problem in orbit. expected.
159
The above performances were monitored also after the irradiating test to 
Proton/Fe ion test
171
To deal with the proton/Fe ion beam test, we utilized the synchrotron ring were designed for lower noise performance, we found the radiation tolerance 207 improved.
208
We tested three chips for Fe ion beam. The total fluence of the former two Figure 6 shows the distribution of the decimal pulse height for the data of 
